SYNOPSIS A method is described for assessing thyroid status using Sephadex column chromatography of serum samples with added 1251 triiodothyronine. The method is simple and inexpensive. It gave a correct diagnostic result in 97% of 258 euthyroid, 90% of 80 hyperthyroid, 78% of 59 hypothyroid, and 67 % of 50 euthyroid, ill patients.
Since the red cell uptake of 131I-labelled triiodothyronine was introduced as a test of thyroid status (Hamolsky, Stein, and Freedberg, 1957 ) the technique has been widely used and extensively studied and modified by various workers. There are certain disadvantages in the use of the red cells as an indicator of plasma-binding power for triiodothyronine: these include the possibility of variation in the binding power of the red cells, the rather tedious washing procedure involved, and the fragile nature and poor keeping properties of whole blood samples. A search for a test employing the same principle but a more satisfactory indicator has therefore ensued. Ion exchange resin has been introduced as the indicator (Mitchell, 1958) and there have been various modifications of this technique. The results have been satisfactory but considerable care over quantities and technique is essential in order to get reliable results. The procedure has been simplified by the introduction of resin-impregnated sponges (Mitchell, Harden, and O'Rourke, 1960) but these are expensive. In 1962 Shapiro and Rabinowitz described a chromatographic method using Sephadex columns as the indicator, but the technique involved the counting of large numbers of eluate fractions for each estimation. A modification of this technique is described here, by which only two eluate fractions need to be counted, and it is simple, robust and inexpensive.
When radioiodinated triiodothyronine is added to serum the total radioactivity present may be separated by Sephadex column chromatography into three fractions, namely, protein-bound tri-'Present address: Department of Nuclear Medicine, The Liverpool Clinic, 1 Myrtle St., Liverpool 7.
Received for publication 18 August 1966. iodothyronine, iodide, and 'free' triiodothyronine. Such a serum placed on a Sephadex column yields protein-bound hormone in the first eluates, radioiodide in subsequent eluates, and 'free' hormone remains in the column but can be eluted almost completely by a further addition of serum to the column (Shapiro and Rabinowitz, 1962; Cuaron and Fucugauchi, 1964) . The number of eluate fractions and the completeness of separation of the three constituents depend on the dimensions of the column and the volumes of serum and buffer added to it. Preliminary experiments were carried out to determine the simplest way to estimate the proportions of free and bound triiodothyronine in serum samples.
METHODS
PREPARATION OF SEPHADEX COLUMNS Pyrex G2 microfilters were used, of nominal external diameter 13 mm. and length 12-5 cm., and measured internal diameter 110 ± 0-2 mm. Sephadex G25, medium grade (Pharmacia Corp.), was mixed with M/15 phosphate buffer, pH 7-4, and introduced into the microfilters to give columns exactly 6 cm. long after washing with more phosphate buffer and settling. Then 4 ml. of buffer was carefully pipetted on to the top of the columns and the level of the top of the buffer solution was marked indelibly on the outside of the microfilters, so that it was possible subsequently to add 4 ml. of buffer directly to the columns from a polythene wash bottle. The columns thus prepared can be used repeatedly without change in their properties. They were prepared afresh about once a month, since they tend to become slow-running after long use. triiodothyronine was pipetted on to the column and allowed to enter it; the resultant 1 ml. of eluate was discarded. Then 4 ml. of M/15 phosphate buffer was added to the column from a wash bottle up to the previously made mark on the microfilter, and the resultant 4 ml. of eluate was collected in a test tube; this contains proteinbound triiodothyronine. The rate of elution was found not to alter the results (see Table IV ). Again 4 ml. of buffer was added to the column and the 4 ml. eluate, which contains iodide, was normally discarded, but was occasionally collected and counted as a check. One ml. of pooled serum was then pipetted on to the column and the eluate discarded. A further 4 ml. of buffer was added and the eluate collected; this contains 'free' triiodothyronine which has been adsorbed on to the Sephadex. The two eluates from each column containing bound and 'free' triiodothyronine were then counted in a well scintillation counter.
CALCULATION OF REsuLTs The distribution of a small tracer dose of radioactive triiodothyronine added to serum may be described by expressing the quantity of 'free' triiodothyronine as a fraction of the protein-bound triiodothyronine: this is the 'T3-binding coefficient' (Adams, Specht, and Woodward, 1960) From these results it is apparent that 5 cm. columns do not separate adequately the iodide fraction (about 4%) from the protein-bound fraction. Columns of 6 and 7 cm. separate all three fractions satisfactorily and 6 cm. columns do so with a smaller volume of eluate, so this size was selected for routine use. The longer the column, the greater the proportion of triiodothyronine that it binds. The size of the iodide fraction was checked from time to time; it varied from 3-2% to 6-2% and tended to increase with older samples of 1251-triiodothyronine, but it did not vary appreciably with different columns at the same time or with different serum samples. The whole procedure of counting 1 ml. fractions was repeated occasionally and when fresh columns were made up, to check that they were functioning satisfactorily.
2 COMPLETENESS OF ELUTION The completeness of elution of activity from the columns by the pooled serum was tested in three ways: (a) Total recovered activity in the eluates was compared with the initial activity in the sample serum. Recovered activity = 100-02% ± 1-50 of initial activity (mean of eight experiments). (b) Recovery after a second elution of the columns with pooled serum was < 0-4 % (five experiments).
(c) Sephadex was scooped out of the microfilter after completion of the routine procedure and counted in the well counter. Activity remaining in the Sephadex was <0 4% (four experiments).
It was concluded that elution of the activity was virtually complete.
3 REPRODUCIBILITY Duplicate and triplicate estimations of the binding coefficient on the same serum gave a coefficient of variation of 4-1 % on 40 different samples (Table II) . columns, or to calibrate the binding coefficient for temperature. Under such circumstances it is probably better, however, to calculate the binding coefficient of the sample sera as a percentage of that of a sample of pooled normal serum run under identical conditions, as many workers do when using resin techniques.
EFFECT OF VARYING THE VOLUME OF THE TEST SERUM
This was studied without changing any other part of the procedure. The volume of serum, whether diluted with saline to make it up to 1 ml. or used neat, showed a direct linear relationship (Fig. 1) with the relative binding power of the plasma proteins (the reciprocal of the Sephadex-binding coefficient).
Small volumes of serum can be used with valid results after appropriate correction, but pipetting error is likely to be increased, and 1 ml. was found suitable for routine use.
EFFECT OF VARYING DURATION OF TEST SERUM IN
COLUmN Duration of serum in the column was varied by allowing test sera to remain in the column for half and one hour periods before elution, but this made no difference to the results. Variation in the rate of elution of the protein-bound fraction, and the use of old and fresh Sephadex columns also made no difference to the results (Table IV) . of that for a sample of I ml. serum, plotted against volume ofserum. 0 = neat serum; 0 = serum + saline to I ml. (Myant and Osorio, 1959) . When different volumes of the same serum are compared, the binding power has been shown to be proportional to the volume used (Fig 1) . At any given level of binding protein the (Gimlette, 1967) . 
